Increased concentration of uric acid (UA) is positively associated with the clinical severity but negatively associated with the prognosis of heart failure (HF). However, data related to the association between UA concentration and N-terminal pro brain natriuretic peptide (NT-proBNP) are still lacking. The aim of the study was to analyse the relationships between UA, NT-proBNP, clearance of creatinine and NYHA function class and echocardiographic variables in the Slovak population of primary care patients diagnosed with HF. The association between UA and NT-proBNP was assessed by multivariate analysis. 848 patients (402 men, 446 women) with HF were included in the study. NT-proBNP correlated with UA in both men and women after adjustment based on age, BMI and glomerular filtration rate (r = 0.263, p < 0.0001; r = 0.293, p < 0.0001). UA concentration rose with the severity of the NYHA class and was significantly higher in patients with moderate and severe systolic dysfunctions as well as with diastolic dysfunction in the multivariate analysis. In conclusion, our study in Slovak population with HF has revealed a positive correlation between the concentration of UA and NT-proBNP, and the independency of this association on confounding factors. The results support the role of UA as a biochemical marker of HF severity and prognosis.
Introduction
Heart failure (HF) represents a major public health problem. Its prevalence is rapidly growing, and it is estimated that more than 20 million individuals suffer from heart failure worldwide (Benjamin et al. 2017) . Despite improvements in HF therapy, its prognosis remains poor (Bui et al. 2011 , Ruliope et al. 2010 , Simko and Simko 1999 , Simko et al. 2003 .
Therefore, research which is focused on finding new potential targets in the treatment of HF, is of the highest priority and heart remodeling and failure continuously attracts the attention of clinical and experimental cardiology (Lacko et al. 2018 , Cundrle et al. 2018 , Simko and Pechanova 2010 , Simko et al. 2018a , 2018b .
Uric acid (UA), a by-product of purine metabolism, is of great significance in modern preventive cardiology, because of its apparent role in the pathogenesis of cardiovascular diseases. The first evidence associating hyperuricemia with increased cardiovascular risk emerged in 1951, when Gertler et al. postulated the existence of a connection between hyperuricemia and coronary heart disease (Gentler at al. 1951) Since then, the potential role of UA in various cardiovascular pathologies has emerged in numerous epidemiologic studies (Cibicková et al. 2017 , Fang et al. 2000 , Timóteo et al.2013 . There is a substantial body of evidence indicating that hyperuricemia might participate in the pathogenesis of HF. The enhancement of UA concentration increases the risk of the development of HF and even worsens HF prognosis (Huang et al. 2014 , Hare et al. 2003 . Indeed, a large meta-analysis involving 1456 patients has revealed the predictive role of UA in all-cause mortality in heart failure (Tamariz et al. 2011) .
The pathophysiologic background of the relation between increased UA concentration and the development and progression of HF has not been fully elucidated yet. However, a hypothesis that excessive formation of reactive oxygen species (ROS) plays a pivotal role in this association has been proposed. UA is produced in the pathway resulting also in the formation of ROS (Sougstad et al. 1996) and it is believed that ROS plays an important role in the pathogenesis of HF (Wang et al. 2018 , Liu et al. 2018 . High UA concentration may therefore indicate the excessive ROS formation (McCord et al. 1985) . In the pathogenesis of HF, enhanced ROS production participates in a mechanoenergetic uncoupling of the myocardium, which results in a decrease of contractility despite normal or increased energetic consumption (Hare et al. 2003) .
B-type natriuretic peptide or brain natriuretic peptide (BNP) is produced in the left atrium and ventricle; it stimulates natriuresis and inhibits the effects of renin-angiotensinaldosterone system. N-terminal B-type pro BNP is a well-established diagnostic and prognostic marker of HF (Hill et al. 2014 , Kim et al. 2011 . Its concentration reflects the severity of HF and correlates with clinical variables, such as New York Heart Association (NYHA) class and 6-min walk distance (Williams et al. 2005 , Frantz et al. 2012 . Despite the known associations between UA concentration and the risk of HF development, severity and outcome, there is no reliable evidence that UA concentration independently correlates with HF severity as diagnosed by a well establisched laboratory biomarker, such as NT-proBNP.
The potential evidence of a correlation between UA and NT-proBNP may confirm the importance of UA concentration as an additional biomarker of HF severity. Therefore, we aim to show whether or not there is a correlation between UA and NT-proBNP in patients with chronic HF among Slovak outpatient population.
Methods:
Patients: We conducted a multicentric cross sectional study focused on the assessment of clinical features, comorbidities and therapy of patients with chronic heart failure. Consecutive patients were recruited by cardiologists on an outpatient basis. Heart failure was diagnosed according to the European Society of Cardiology Guidelines for the diagnosis and treatment of acute and chronic heart failure (Ponikowski et al. 2016) . Patients were considered to suffer from HF if they exhibited typical symptoms (dyspnoea, fatigue, ankle swelling), signs (elevated jugular venous pressure, pulmonary crackles and peripheral oedema), NT-proBNP>125 pg/mL and one of two additional criteria (demonstrated relevant structural heart disease and/or diastolic dysfunction) or if they showed signs and symptoms as Patients older than 18 years were recruited proportionally from all regions of Slovakia.
The exclusion criteria included a history of oncologic disease except total remission, pregnancy, thyrotoxicosis, end stage kidney disease and therapy by allopurinol. These information were obtained using a questionnaire. All patients signed an informed consent.
Blood sampling and processing:
At the time of the recruitment, blood from the cubital vein had been sampled after at least 12 h of fasting using Vacutainer closed system for serum sampling. The samples remained for 30 min at room temperature and subsequently, the supernatant was separated by centrifugation for 10 min at 3,000 rpm. The supernatant was used for the analysis of serum NT-proBNP, creatinine and UA. Creatinine clearance (CCR)
was calculated using CKD-EPI formula. consecutive patients were included in the study according to the inclusion and exclusion criteria and had complete set of biochemical, clinical and echocardiographic variables for analysis; 5 % of them were in NYHA I, 51% were in NYHA II, 40% were in NYHA III and 4% were in NYHA IV. 26% of patients had HFpEF, 43 % had HFmrEF and 31% had HFrEF.
Age, BMI, CCR, NT-proBNP and uric acid are presented in Table 1 . (Table 3) . Similarly, groups discriminated by left ventricular ejection fraction (LVEF) differed in UA concentration. The HFrEF group had higher UA concentrations than the HFpEF group and the HFmrEF group. There was not a statistically significant difference in the concentration of UA between HFpEF and HF mrEF groups (Table 3) .
Correlation between NT-proBNP and other variables

Discussion:
Our cross sectional multicentric study in Slovak population with HF has revealed that the plasmatic concentration of UA positively correlates with NT-proBNP, the well-established marker of HF severity and prognosis, and also, that this association is independent of factors that are possibly confounding. Decisive evidence supporting this association was up to this time lacking. Moreover, the higher level of uricemia was associated with more severe HF. indicates that a significant part of the association between UA and NT-proBNP concentrations cannot be attributed to possible confounding factors and therefore, might be explained by a harmful pathophysiological interaction between UA and the failing heart. Our findings support the theory of the connection between hyperuricemia and progression of HF; however, the pathophysiological causality remains to be elucidated. There is some evidence that the treatment of hyperuricemia with allopurinol or oxypurinol in HF patients might improve the heart failure prognosis (Thanassoulis et al. 2010 , Hare et al. 2008 . This, similar to our results, supports the theory that high UA concentration may, indeed, play a significant role in the pathogenesis of HF progression and could be considered as an independent risk factor instead of just as a marker of poor prognosis in HF. However, more studies are needed to conclusively determine whether UA could be a new potential therapeutic target in the treatment of HF in common clinical practice.
UA concentration and left ventricle systolic function: In our study, the UA concentration adjusted for gender, CCR, age, losartan therapy and BMI in the group of patients with HFrEF was significantly higher than in groups with HFmrEF and HFpEF.
Difference in the concentration of UA between groups of patients with HFpEF and HF mrEF was not statistically significant. According to our results, only HFrEF (LVEF lower than 40%) was associated with increased UA concentration. According to the study by Pinelli et al. 
2007).
Pathogenesis of UA and HF association: Proposed pathogenesis of heart failure is rather complex (Simko et al. 2014 , Simko and Adamcova 2018 , Cundrle et al. 2018 . There are various hypotheses that explain the pathophysiologic background of the increased UA concentration in the development and progression of HF. Production of UA is catalysed by xanthine oxidase (XO) in a reaction that also leads to the creation of reactive oxygen species (ROS) (Sougstad et al. 1996) . It is known, that ROS plays a significant role in the pathogenesis of failing myocardium (Wang et al. 2018 , Liu et al. 2018 . High UA concentration may reflect increased XO activity and excessive ROS formation, which results in a higher burden of free radicals (McCord et al. 1985) . XO upregulation has been identified in the myocardium of HF patients (Cappola et al. 2001) . In the pathogenesis of HF, XO activity participates in a mechanoenergetic uncoupling of the myocardium, which means a decrease in contractility despite a normal or increased energetic consumption.
Mechanoenergetic uncoupling might be mediated by the negative effect of ROS, produced by XO, on creatine kinase activity in the myocytes (Hare et al. 2003) . These potential relations between UA, oxygen stress and deterioration of HF are supported by the finding that intracoronary infusion of allopurinol blocking the XO activity accelerates the restoration of an impaired myocardial energy metabolism (Cappola et al. 2001) . Blocking of XO activity might be responsible for beneficial effects of allopurinol. Recently published results of FREED study showed that another UA lowering compound, XO inhibitor febuxostat is even capable to decrease the incidence of heart failure requiring hospitalisation, nonfatal cardiovascular events and the rate of progression of chronic renal disease (Kojima et al. 2019) . It further supports the hypothesis that excessive XO activity might stand in the pathophysiological background of the UA and HF relation. High UA concentration is a negative prognostic marker not just for HF progression, but it seems to be associated also with other cardiovascular pathologies and even with increased cardiovascular mortality. Therefore, the negative effects of UA on the severity of HF might also be mediated by the worsening of the coronary heart disease or hypertension as a result of high level of UA (Timóteo et al. 2013 , Qin et al. 2016 . On the other hand, HF itself may in the sequence of events result in the secondary enhancement of UA concentration, which is in normal conditions excreted by the kidneys. However, severe heart failure may result in the impairment of kidney function and deterioration of excretion of the excessive amount of UA, supporting, thus, the vicious circle of the UA accumulation and its heart damaging effect. Indeed, a negative correlation between our study. This mismatch could be further supported by the hypoperfusion of peripheral tissues in HF, resulting in accelerated breakdown of ATP to adenosine and hypoxanthine with its final conversion to UA. Moreover, the peripheral tissue ischemia may result to the accumulation of lactic acid competing with UA excretion in kidneys (Hare et al. 2003) . It should also be considered that UA itself acts as a compound with potent antixoxidative properties (Fabbrine et al. 2014) . Moreover, the association of UA concentration and cardiovascular mortality and all-cause mortality is rather U-shaped than linear, possibly because of malnutrition associated with very low UA concentration (Tseng et al. 2018) . Thus, the pathophysiologic background of UA and HF association seems to be complex and needs further study. Data of this work, the results of FREED study and other previously mentioned studies support the idea that there is a direct pathological link between UA metabolism and heart failure and suggest that the association of UA concentration and HF development and progression might be causal and not only determined by possible confounding factors.
However, it remains unclear, whether this link is mediated trough the excessive XO activity and ROS formation, direct toxic effect of UA or some other mechanisms.
Conclusion:
In a Slovak population of patients suffering from HF, UA concentration correlated with NT-proBNP concentration independently of age, BMI, and CCR in both sexes. UA concentration was also positively associated with HF severity indicated by NYHA class and degree of systolic dysfunction and with diastolic dysfunction. Hyperuricemia was associated with symptomatic HF and impairment of systolic function. Our results support the role of UA as an important biochemical marker of HF severity and prognosis. < 0.0001 ǂ groups HFpEF and HFmrEF differ significantly from the group HFrEF. There was no significant difference between groups HFpEF and HFmrEF. Variables are determined as median and interquartile range, adjusted based on age, body mass index, gender, creatinine clearance HFpEF -heart failire with preserved ejection fraction, HFmrEF -heart failure with mid-range ejection fraction, HF with reduced ejection fraction , NYHA -New York Heart Association, p -probability, MANOVA -multivariate analysis of variance, UA -uric acid Figure 1 : Linear regression of uric acid concentration (μmol/l) and NT-pro BNP (pmol/l).
